M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT ultrasound upon the rheologically behaviour of wheat gluten, both the storage (G') and loss 46 (G'') modulii decreased, and additionally the foaming capacity and emulsifying performance, both were enhanced. O 'Sullivan, et al., (2016) 98 An ultrasonic processor (Viber Cell 750, Sonics, USA) with a 12 mm diameter 99 stainless steel probe was used to ultrasound treat 50 ml aliquots of protein solution in 100 ml 100 plastic beakers, which were placed in an ice bath to reduce heat gain. The protein solutions 101 were sonicated with a frequency of 20 kHz and amplitude of 95% (wave amplitude of 108 102 µm at 100% amplitude) for up to 2 min. This yielded an ultrasonic power intensity of 103 ~34 W cm -2 , which was determined calorimetrically by measuring the temperature rise of the 104 sample as a function of treatment time, under adiabatic conditions. The acoustic power 105 intensity, I a (W cm -2 ), was calculated as follows (Margulis & Margulis, 2003) :
Ultrasound treatment of protein solutions
Where P a (W) is the acoustic power, S A is the surface area of the ultrasound emitting 108 surface (1.13 cm 2 ), m is the mass of ultrasound treated solution (g), c p is the specific heat of 109 the medium (4.18 kJ/gK) and dT/dt is the rate of temperature change with respect to time, starting at t = 0 ( o C/s).
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
The temperature of protein solutions was measured before and after sonication by 112 means of a digital thermometer (TGST3, Sensor-Tech Ltd., Ireland), with an accuracy of ± 113 0.1 °C. Prior to ultrasound treatment, the temperature of protein solutions were within the 114 range of 5 -10 o C. After ultrasonic irradiation, the temperature raised to approximately ~45 115 °C. 136 The intrinsic viscosity (i.e. hydrodynamic volume) of untreated and ultrasound treated 137 WhPI and SPI were determined by a double extrapolation to a zero concentration method, as 138 described by Morris et al., (1981) , using the models of Huggins' and Kraemer, as follows: 139 Huggins, (1942):
Hydrodynamic volume characterisation
Kraemer, (1938): a bimodal size distribution, a nano-sized peak of ~200 nm and a micron-sized peak of ~50 202 µm, whereas untreated SPI (cf. Fig. 1b ) solely displayed a micron-sized peak of ~10 µm. A 203 significant reduction (P < 0.05) in the micron-sized aggregates of WhPI (cf. Fig. 1a 
276
The reported emulsion droplet sizes for WhPI and SPI (cf. Fig. 5 ) are smaller than that 277 of the untreated proteins (cf. Fig. 1) . Be that as it may, the protein sizes of the untreated 278 proteins represent aggregates of protein molecules rather than discrete protein fractions. α-279 gliadin and glycinin have hydrodynamic radii (R h ) of approximately 2.5 nm and 12.5 nm, 280 respectively (Blanch et al., 2003; Peng et al., 1984) , in comparison to the micron sized 281 entities presented in Fig. 1 . This disparity in size is due to the preparation of these isolates, accounting for the production of submicron emulsion droplets demonstrated in this study.
289
The observed emulsion droplet size data (cf. Fig. 4 ) can be explained by considering 290 the interfacial tension of the presented systems. Fig. 5 shows the interfacial tension between 
301
The interfacial tension values obtained for both ultrasound treated WhPI and SPI were 302 significantly lower (P < 0.05) than that of their untreated counterparts, and furthermore lower 303 than values obtained with Tween 80. These results are consistent with the obtained emulsion 304 droplet sizes (cf. Fig. 4) , and validates the hypothesis that aggregates of sonicated protein 305 adsorb at an increased rate at the oil-water interface due to the higher surface area-to-volume 306 ratio (cf. Fig. 1 ) and elevated hydrophobicity (i.e. reduced intrinsic viscosity; cf. Fig. 3 
